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Abstract: The automotive industry‟s use of structural composite materials 
began in the 1950s. Since those early days, it has been demonstrated that 
composites are lightweight, fatigue resistant and easily moulded to shape – 
in other words, a seemingly attractive alternative to metals. However, there 
has been no widespread switch from metals to composites in the automotive 
sector. This is because there are a number of technical issues relating to the 
use of composite materials that still need to be resolved including accurate 
material characterisation, manufacturing and joining. 
     This paper reports the findings of a recent European initiative that 
examined the future use of composite materials in the automotive sector. 
The principal technical challenges that must be overcome in ten key areas 
relating to composite usage are reviewed. Furthermore, recommendations 
for future research priorities to overcome these challenges are presented. 
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1 Introduction 
If one was to try and pinpoint the birth of composites in the automotive sector, then the 
1953 GM Motorama would be a good candidate. It was at this event that the Chevrolet 
Corvette was first unveiled (Figure 1). Six months later, this stylish convertible, polo 
white with red interiors, was in production. The Corvette was the first production car to 
use structural polymer composites*. Its body was made from fibreglass. Although the 
Corvette was not the first car to feature plastics (Bakelite had been used for distributor 
caps and steering wheels since the 1940s), this was a significant milestone. 
     Since those early days, fibre reinforced polymers have been used for many 
automotive applications. However, there has been little widespread adoption within the 
mass production sector. Composite processing times are relatively long, raw materials 
(fibres, resins, etc.) are relatively expensive, and it can be difficult to achieve high 
quality surface finishes. There have also been concerns over stiffness and some 
durability issues (e.g. UV degradation). Therefore, more than fifty years on, the use of 
structural composites in high volume car production is still somewhat limited. Steel 
remains the material of choice for the majority of vehicle applications, not least because 
of continuing innovation by the steel manufacturers. 
     If the benefits of composite materials in terms of lightweighting, durability and ease 
of forming are to be exploited more widely by the automotive industry, then there is a 
need to identify the critical technical barriers that must be overcome. This was one of 
the objectives of the COMPOSIT project, a networking initiative sponsored by the 
European Commission that examined the future use of composite materials in the 
transport sectors. COMPOSIT organised a series of workshops that discussed ten key 
aspects relating to composite usage – repair, design, crashworthiness, manufacturing, 
                                                 
* Earlier vehicles used wood – a natural composite – but this did not facilitate high volume production. 
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lightweighting, joining, recycling, modelling, fire safety and new material concepts 
(Figure 2). Leading experts were invited to present at and participate in these 
workshops. Overall, the workshops attracted more than 550 individuals, from over 220 
organisations, based in 17 countries. This included composite material suppliers, 
processors, designers, end-users, researchers, consultancies, software developers, and 
machinery suppliers. 
     This paper presents the findings of COMPOSIT in relation to the automotive sector. 
Specifically, it reviews the key technical challenges that need to be addressed if 
composites are to be used more widely, and presents recommendations for future 
research priorities to meet these challenges. 
 
 
2 Technical issues associated with the use of composite materials in automotive 
applications 
 
Each of the following sections focuses on a topic that was addressed at one of the 
COMPOSIT workshops. There is no significance in the ordering of the sections – it is 
merely the chronological sequence in which the workshops were held. 
 
2.1     Repair 
 
With respect to repair, the characteristics of the automotive sector (in comparison to 
other transport modes) can be summarised as follows: 
 
 Cars and trucks can be easily transported to a body workshop for repair. 
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 Body workshops are usually well distributed throughout a territory. 
 
 Current structural composite repairs typically include panels, bumpers, a few 
supports and fewer chassis. 
 
 Composite components tend to be quite small (a big truck bumper weighs no more 
than 50 kg) and they are easily disassembled. 
 
Given the above, the logistics of performing composite repairs in the automotive sector 
shouldn‟t present any significant issues. 
     Bumpers and panels (many of which are fibre reinforced plastics) are designed to 
resist low speed collisions, impacts due to small stones, and the weight of a leaning 
person. For higher energy impacts, bumpers typically break. Given the part dimensions 
and the assembly technologies, it is usually cheaper to replace a bumper than repair it. 
     The situation is different with sports cars. Some high performance models employ a 
composite chassis that is usually manufactured in just one country and distributed 
worldwide. The repair of the chassis (a fully structural part) requires detailed knowledge 
of the component and the applied materials, as well as specialist equipment. If the 
damage is limited, it can often be repaired in a local authorised workshop. However, for 
more extensive damage, the vehicle must be returned to the manufacturer. 
     Overall, automotive composite repair is not currently a major issue because most 
applications allow direct part substitution. However, if the use of composites broadens 
to more diverse applications in the future, then the repair of difficult to replace parts 
will become a necessity. 
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2.2     Design and structural simulation 
 
When composite materials were first introduced to the automotive industry, they were 
not always fully appreciated by designers. Traditionally, the automotive sector has 
worked with isotropic sheets of metal that are joined by welding processes. Composites, 
however, require specialist knowledge of both the materials and the related processes if 
the opportunities they present in terms of functional integration, lightweighting, 
orthotropic behaviour and styling freedom are to be properly exploited. 
     It is important that vehicle designers understand composite manufacturing processes 
and how they relate to the components they are developing. Similarly, designers need to 
have an appreciation of the likely final distribution of the fibre reinforcements within a 
composite part following manufacturing. In the early days of composite use, there was 
often a big gap between the expectations of the vehicle designers and those of the 
composite manufacturers, and this often resulted in the poor use of materials and delays 
in production. 
     Today, a major challenge relating to automotive composite design is the availability 
of simulation tools and a general lack of composite material characterisation. Another 
issue is the computational time required to model composite structures and components. 
Current composite material models within commercial design software require very 
long solution times. These times are usually too long for the first phase of vehicle 
development, in which many different options have to be analysed over a period of just 
a few months. For composites to be properly evaluated at these early stages, the 
automotive industry needs a factor of ten reduction in solution times. The commercial 
software developers have not yet solved this problem, so some of the more advanced 
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research and design centres are developing in-house methodologies, which usually 
remain confidential. 
     In summary, the automotive designers of today have an understanding of composites 
but there is a lack of adequate simulation software for all design phases. 
 
2.3     Crashworthiness 
 
Crashworthiness has become a well developed discipline over recent decades, even if 
the overall objectives have changed. Originally, the target was to produce very stiff, 
quasi-non-deformable cars. The inability of the chassis to deform and dissipate energy 
meant that the passengers received a very hard impact. However, crashworthiness 
strategies have evolved such that the target is now to produce vehicles that have highly 
deformable and predictable energy absorbing zones at the front and rear, and a rigid 
passenger safety shell in-between. The car interior has also been a focus of 
crashworthiness development, with air bags, smooth surfaces, the absence of sharp 
edges, energy absorbing materials, and collapsible structures (e.g. pillar trims). 
     In other aspects of crashworthiness, trucks have been redesigned so as to be less 
intrusive when impacting cars and new rules relating to pedestrian protection are 
starting to emerge. With respect to the latter, the target is to reduce injuries to people 
struck by cars. Many technical solutions are currently under development, including re-
styled front-ends, new energy absorbing bonnet materials, active bonnets (that rise 
during an impact to create space for deformation), and even external airbags. 
     There are some clear opportunities, in light of these modern approaches, for 
composites to be a valid material when designing for crashworthiness. Indeed, it has 
long been demonstrated that composite structures can offer excellent crash 
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performances if properly designed, with specific energy absorptions exceeding those of 
metals. 
     Using experimental testing for the development of crashworthy vehicles, particularly 
at full-scale, is very costly. It requires the use of highly specialised test facilities and the 
structure being evaluated inevitably suffers extensive damage (i.e. it can only be tested 
once). For this reason crash simulation tools have been extensively developed since the 
beginning of the computer era. 
     The quality of numerical models has generally kept track with the increasing power 
of computers. For example, in terms of frontal crash simulation, early models were 
composed of a relatively detailed mesh of the front section, with the remainder of the 
vehicle represented by beam elements and concentrated masses (Figure 3). Today, 
numerical models reproduce all the details of a vehicle, including passenger dummies. 
With such analyses employing upwards of 1,000,000 elements, they often take days to 
solve, even on modern multi-processor computers. 
     As well as comprehensive improvements in the geometrical definition of vehicles in 
crash simulations, much progress has been made in material characterisation and 
constitutive laws. Many mathematical material models are now available, including 
those for composites, but the lack of reliable composite material property data is a major 
problem for analysts. Composite material models in commercial crash analysis software 
typically require extensive (and sometimes obscure) material property data. The general 
lack of such data can be partly attributed to the need to develop and standardise new test 
procedures, particularly for dynamic scenarios. 
     Researchers are addressing the issue at the micro scale in an attempt to better 
understand the basic crash behaviour of composites. This allows aspects such as 
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delamination and the behaviour of stitched textile reinforcements to be investigated in 
great detail, but the whole process is very time consuming. 
     Although crashworthiness has come a long way, it is not a static science as the 
requirements continue to evolve and new materials continue to be introduced. In terms 
of composites, the main focus for future development effort should be the upgrade of 
simulation tools to make them sufficiently accurate and affordable to vehicle designers. 
     Today it is the lack of simulation tools allowing reasonable development times, 
rather than a lack of materials with the required performance, that is the main factor in 
discouraging automotive designers from exploring and exploiting composite solutions 
more widely. 
 
2.4     Manufacturing 
 
Manufacturing is an issue for composites in the automotive sector when one considers 
the high production volumes required. One reason why composites are not widely used 
in mass production automotive applications is the cost of the raw materials, but the main 
reason is the lack of suitable manufacturing processes. 
     Currently, the choice of manufacturing process depends strongly upon the required 
rate of production. A typical truck application might have a volume of between 5,000 
and 20,000 parts per year, whilst for cars it might be 80,000 - 500,000 parts per year, or 
even more. Other aspects that have to be considered are tooling costs, scrap production 
and cycle time. 
     Tools for composite production are much cheaper than tools for sheet metal forming. 
This is because composite processes are one-shot operations (i.e. one mould), whilst 
sheet metal forming requires five - six separate tools per component line. These savings 
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in tool costs are very influential at low production volumes, but this competitiveness is 
lost at higher volumes where part costs dominate.  
     The only available composite manufacturing processes for very high production 
volumes are short fibre reinforced thermoplastic injection moulding and bulk moulding 
compound (BMC) processes. However, these types of composite are not used for 
structural applications. With the development of long fibre reinforced thermoplastic 
injection processes, high volume materials will come closer to what can be considered a 
„structural‟ fibre reinforced polymer. The main advantages of injection moulding are 
that it produces little scrap and that it has very short cycle times (e.g. 90 seconds for a 
dashboard moulding). 
     Currently there are very few processes for medium volume composite production. 
Compression moulding using sheet moulding compound (SMC) or glass mat 
thermoplastic (GMT) are the two most commonly used. Both have become highly 
automated over recent years and are currently used for cars and trucks with cycle times 
in the order of a few minutes. Many of the problems originally encountered with these 
materials, including high density, surface finish and paintability, have now been 
addressed. However, an ongoing problem for both SMC and GMT is the requirement 
for post-machining and the associated production of scrap. A truck bumper produced in 
SMC, for example, requires the milling of holes for light assembly, generating scrap 
that must be disposed of. Amongst the emerging materials that look interesting for 
medium volume production, thermoplastics reinforced with continuous fibres are able to 
combine reasonable stiffness and strength with short cycle times. 
     A third process for medium volume composite production is resin transfer moulding 
(RTM). It can be used for structural applications and is of growing interest because of 
its potential for automation, good tolerances and good achievable mechanical 
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properties. The surface finish of RTM parts is also quite good. The disadvantages of 
RTM are relatively high tooling costs, high levels of material waste and relatively long 
cycle times. 
     The D-LFT (Direct Long Glass Fibre Thermoplastic) process is also worthy of 
mention. This combines good structural characteristics with complete process 
automation. Created in 1989 by Ron Hawley (Composite Products Inc.), it is now 
considered one of the most promising processes for structural parts. One current 
drawback, however, is the necessity of using a film (IMF, In Mould Film) to achieve 
cosmetic surface finishes. 
     A few other composite manufacturing processes have also become automated, such 
as fibre braiding and fibre placement. These are becoming interesting for niche and low 
volume production. 
     There is no doubt that composite manufacturers are working very hard to become 
more competitive in terms of production for the automotive industry. Two other 
priorities are further improvement in surface finish and paintability. In particular, there 
is a need for the clarification and harmonisation of standards and measures for surface 
quality. 
 
2.5     Lightweighting 
 
Lightweighting is one of the major drivers for the use of composites in the automotive 
industry. However, the benefits of lightweighting are different for different categories of 
vehicle. 
     Lightweighting in trucks allows for payload increases whilst maintaining the same 
overall mass. 
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     With sports cars, weight reduction translates into increased performance 
(acceleration and top speed). 
     In mass production vehicles, the most important driver for lightweighting is the 
reduction of fuel consumption and the associated reduction of CO2 and other emissions. 
Important, in this respect, are the CAFE (corporate average fuel economy) regulations 
that were established in the USA in 1975 with the objective of reducing greenhouse gas 
emissions. Current targets state that the corporate average CO2 emissions must be 167.5 
g/km in 2003, 140 g/km in 2008, and 120 g/km in 2012. This also has a big impact on 
European automotive manufacturers (even though European cars have always had lower 
fuel consumptions than their American counterparts) as the regulation also applies to 
imported cars. The industry is therefore severely self-committed. It is a common 
opinion among car manufacturers that the development of low emission engines (e.g. 
hybrid electric / gasoline) will not in itself be sufficient to meet regulatory targets. 
Furthermore, zero emission engines (e.g. fuel cells) are still some distance from routine 
application. Therefore, it is expected that the implementation of lightweight materials 
and designs must play a role in meeting the automotive industry‟s environmental 
obligations. 
     Other key considerations that must be balanced against lightweight design are: 
 
 An optimum compromise between weight saving and additional cost (with a 
suggested threshold for the automotive sector of around 2 €/kg). 
 
 Passenger comfort, leading to heavier feature loaded vehicles. 
 
 High passive safety standards. 
13 
 
 Class-A surface finishes. 
 
 Proven manufacturing technologies for body in white components. 
 
Today, the application of lightweight design in the transport sectors is driven not only 
by internal industry factors (e.g. payload / performances increases) but also by public 
regulations. Lightweight materials and manufacturing processes are available as 
demonstrated by concept car applications. Current barriers that must be overcome relate 
predominantly to raw material cost and manufacturing productivity. 
 
2.6     Joining 
 
Joining is a key and critical aspect of vehicle design and manufacturing. Every joint 
interrupts the structural geometry, thereby creating material discontinuities, problems of 
load transfer, local peak stresses and contributions to a vehicle‟s noise and vibration 
characteristics. These issues are exacerbated by the current tendency to combine 
materials and processes in a synergistic fashion, rather than using them in isolation. 
„Hybrid material design‟, in which materials are selected and combined on a functional 
basis that best exploits their individual properties, is an effective way of using 
composites in automotive structures (Figure 4). Using this approach it is possible, for 
example, to reduce weight and increase structural performance simultaneously. 
However, hybrid structures employing dissimilar materials are strongly reliant on 
joining technologies and at the other end of a vehicle‟s life, hybrid structures must 
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somehow be separated again into their constituent parts so that their materials can be 
recovered or recycled. 
     Joints can be divided into three main categories: (i) mechanical fastening, (ii) 
adhesive bonding, and (iii) welding / fusion bonding. Hybrid approaches (such as 
fastening plus adhesive bonding) are also employed. 
     Mechanical joints such as rivets and bolts are the most well-established and best 
understood method of joining. In the automotive sector, mechanical joints have some 
disadvantages including weight penalties, stress concentrations, the need to overlap 
parts, requirements for high tolerances, and the possibility of galvanic corrosion. 
However, on the plus side, they do not require surface preparation or final finishing, 
making it very easy to repeatedly disassemble and reassemble parts (e.g. for inspection, 
maintenance or end-of-life recycling). Mechanical fastening is usually quick to apply, 
and relatively insensitive to environmental effects such as temperature. 
     Unfortunately, the well-established mechanical fastening techniques for metallic 
structures do not translate directly to composites for a number of reasons: 
 
 The presence of holes and cut-outs creates stress concentrations, and the lack of 
plasticity in composites limits stress redistribution. 
 
 Composites have a tendency to delaminate as a result of localised drilling. 
 
 The differences in thermal expansion between composites and metallic fasteners. 
 
 The possibility for galvanic corrosion (with carbon fibre composites). 
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 The additional weight of the fastening system counteracts the lightweighting 
benefits of composites. 
 
Adhesive bonding has gained increased acceptance in recent years due to the 
availability of high performance polymer-based adhesive blends. As a process, it has 
many positive characteristics including: 
 
 The possibility to tailor the mechanical properties of the adhesives according to 
specific design requirements (e.g. crashworthiness). 
 
 The increases in product life that can be achieved by virtue of the superior fatigue 
and corrosion properties of adhesive joints. 
 
 The excellent sealing provided by adhesives. 
 
 The styling advantages provided by smooth surfaces between two bonded materials 
or structures. 
 
 The ability to reduce peak stresses by spreading the load transfer path over the 
whole of the bonded area, with no need to introduce severe discontinuities in the 
joint geometry such as drilled holes. 
 
 The possibility to work with wider tolerances by exploiting the gap-filling properties 
of adhesives. 
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 The opportunity to tune the adhesive stiffness to optimise the global stiffness / 
flexibility of the overall system. 
 
 The possibility to apply adhesives with completely automated processes. 
 
 The possibility to improve a vehicle‟s noise and vibration characteristics (in 
comparison to mechanical fasteners). 
 
Adhesive bonding also has some disadvantages such as the general need for surface 
preparation and bonding jigs, and the occasional (i.e. application specific) requirements 
for high temperature curing (which can induce thermal distortion), autoclave curing, or 
part finishing. 
     The third generic joining technology, welding, is well established in the automotive 
sector for joining metallic parts. However, it has been little used with composites, 
although some applications exist. The main advantages of welding are good mechanical 
performance and durability of the joint, short processing time, ease of on-line 
inspection, and minimal surface preparation. The three most promising welding 
techniques for thermoplastic composites are ultrasonic, induction and resistance 
welding. The disadvantages of welding composites are the general limitation to 
thermoplastic composites, the difficulty of disassembly, the requirement for conductive 
fillers (for inductive welding), the presence of metal meshes (for resistance welding), 
and the low admissible carbon fibre content (for all techniques). 
     At present, it is not clear what the automotive composite joining techniques of 
tomorrow will be. There are some interesting and useful technologies, but their cycle 
times generally restrict their use to low volume production. A concerted effort in the 
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direction of high volume joining techniques is absolutely required and the results would 
be immediately applicable. 
     Welding techniques are growing in sophistication and quality, with improving levels 
of process control and automation. However, for composites, they do not appear to be as 
suitable as mechanical joints or adhesive bonding. 
     In terms of mechanical joints, there is a distinct shift towards integral attachments 
using features that are either designed-in (like snap-fits), or formed-into the parts to be 
joined (like „hook-and-loop‟ attachments). 
     The most promising technology for composites in the automotive sector is adhesive 
bonding. Directions for future adhesive development are likely to be increased 
functionality, improved adhesion to low energy surfaces, a proliferation of „hybrid‟ 
adhesives (i.e. adhesive „alloys‟ for the joining of thermoplastics to thermosets), 
activation-on-demand (to obviate the need for special preparation of the substrates or 
adherents), and improved environmental credentials (i.e. „green‟ adhesives). 
     Whatever the composite material joining techniques of tomorrow, another 
requirement will be the development and introduction of new rules and numerical 
methodologies for the design, testing and process simulation of joints. 
 
2.7     Recycling 
 
Recycling processes have been used by the automotive sector for many years and for 
sound economic reasons. Early cars, buses and trucks were composed almost entirely of 
metal, and to recycle this material by melting it down to obtain new raw „virgin‟ 
product was an economically viability. Metals are ideal for recycling in that they lose 
the „memory‟ of their previous life every time they are melted down. Unfortunately, 
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composites are not like this, and a common question is „How easy is it to recycle 
composites? Is it as easy as steel?‟ 
     In recent years, the number of different polymers employed by the automotive 
industry has been significantly reduced to help facilitate recycling. Similarly, plastic 
components are now marked to ease identification and separation at the end of a 
vehicle‟s life. However, the overall number of cars that need to be recycled has 
increased (currently around 9 mega-tonnes per year), as has the relative use of polymers 
in automotive applications. Today, a car‟s overall weight is typically made up of about 
75% metal (ferrous and non-ferrous) and about 25% non-metal (plastic, glass, rubber 
and fabric). 
     The need to recycle all these different materials has led the European Council to 
issue Directive 2000/53/CE. To understand the content of this Directive it is necessary 
to be familiar with the terminology employed: 
 
 Recovery: treatment of used materials for energy production. 
 
 Recycling: treatment of used materials for same or different production route 
(except energy). 
 
 Re-use: use of an old vehicle component for the same application as the original. 
 
The Directive defines how end of life vehicles (ELVs) have to be managed as follows: 
 
 Yesterday: landfill - 25%; re-use / materials recycling - 75% (the metal part). 
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 Today (2006): landfill - 15%; re-use / materials recycling - 80%; energy recovery - 
5%. 
 
 Tomorrow (2015): landfill - 5%; re-use / materials recycling - 85%; energy recovery 
- 10%. 
 
Today, the biggest obstacle to the recycling of composite components is not the 
recycling technologies. Instead, it is the lack of end-uses for, and the cost of, the 
recycled material. The overall cost of recycled composite materials (e.g. reinforcements, 
or fillers produced by grinding) is considerably higher than their virgin equivalents. 
There is also scepticism regarding the quality and technical performance of the recycled 
reinforcement or filler compared to virgin materials. As a result, there are very few 
automotive products that are manufactured predominantly from recycled composites. 
     To overcome the problems of recycling composites that arise because of their 
separate fibre and resin constituents, new „self reinforced‟ materials have been 
developed (see Section 2.10 - New material concepts). Also being applied at an 
industrial level for cosmetic and semi-structural applications are natural fibre 
reinforcements (e.g. flax, hemp, coconut, abaca, basalt, animal hair, bird feathers, etc.). 
Although a lot of development work is still needed in this area, especially for 
applications where long fibre reinforcements are required, these materials seem to be 
promising from a recycling perspective because they can be incinerated without forming 
any residues. 
     Another major issue associated with the recycling of composites is establishing 
equilibrium of the quantity cascade (i.e. preventing an ever-growing mountain of 
recycled material). For example, in theory, short fibre reinforced thermoplastics can be 
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easily recycled by re-melting and re-moulding. Laboratory tests have demonstrated that 
it is possible to grind and re-melt these materials many times with little loss of structural 
performance. However „on the road‟ reality is completely different. The average life of 
a car in Northern Europe is 17 years. During this time it is exposed to sun, acid rains, 
dust, pollution, aggressive liquids, etc., etc. The result is that resinous materials become 
degraded over time, and when recycled their properties are quite different from virgin 
products. For this reason, only a small amount of recycled material (10-20%) is added 
to virgin material for new components. The overall implication is that at every 
generation it is necessary to find applications that require much larger quantities of the 
material than the previous generation if all the recycled material is to be consumed. 
     Whatever the future of materials in the automotive sector, a new global design 
approach is required – „design for recycling‟. As end-of-life recycling is no longer an 
option but a standard, it is necessary to consider it within a vehicle‟s cost structure. This 
approach acts on different levels. Careful consideration needs to be given to material 
selection and design for separation. Materials and components need to be classified in 
terms of re-use, energy recovery and recycling. Procedures and processes for 
dismantling and recycling need to be developed. It will also be necessary to include the 
end of life dismantling cost in a vehicle‟s purchase price, as the last owner won‟t want 
to pay and the number of old vehicles abandoned in European fields and woods will 
dramatically increase. 
     The increasing presence of multi-material hybrid components is a recycling problem 
that has not yet been resolved by car manufacturers. Currently there are two trends – to 
shred the component or to dismantle it. It is essential that research is undertaken at a 
European level to investigate the management and recycling of hybrid material 
structures and components. 
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     Another worthwhile approach would be to combine the development of new 
recycling technologies and strategies with other industrial sectors that have the similar 
constraints. For example, electrical and electronic equipment manufacturers are now 
subjected to the new European Directive WEEE that was approved in 2003. Issues such 
as identification, collection, transportation, dismantling and cleaning are important 
logistical matters that need to be resolved in an economical way by both sectors. 
 
2.8     Modelling 
 
Modelling and numerical simulation are essential aspects of today‟s automotive sector. 
They are necessary in order to reduce the time-to-market for new products and the costs 
associated with experimental testing. There are two general areas in which simulation is 
conducted – vehicle design and manufacturing processes. 
     In terms of vehicle design, the automotive sector has been undertaking structural 
analyses (static, dynamic, safety, noise and vibration, handling, etc.) for many years. 
With time, models have increased in their precision and accuracy, but until recently they 
have only involved metals and a few polymer components. The latter, in the majority of 
cases, have only been modelled as isotropic materials. However, as the use of structural 
composite materials in the automotive sector has increased (especially for sports cars), it 
has now become necessary to model composites more rigorously. To a certain extent, 
the automotive industry has been able to draw on the experiences of the aerospace 
sector. However, in many cases the materials and design targets are sufficiently 
divergent that a direct technology transfer is not meaningful. 
     When modelling composites, one of the key challenges is balancing the 
sophistication of the materials models against reasonable computational solution times. 
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In the first design phase, when many different solutions must be analysed in a short 
space of time, it is necessary to be able to complete the analysis of a one million 
element model within one day. This is not currently possible using full composite 
material characterisations. The situation is even more severe when performing 
stochastic analyses (e.g. to investigate the effects of variations in material properties or 
manufacturing parameters), or undertaking multi-objective optimisations. Both typically 
require the running of 60-100 simulations to complete. If it is taking a day or more to 
run each analysis, then the whole process could easily take longer than three months. 
     When addressing the issue of modelling composites, it is often necessary to start 
with micro models of the foams, fabrics, fibre reinforced materials, etc. in order to 
develop an understanding of the physics of the situation – i.e. the behaviour of the 
materials involved and their mutual interactions. The next stage is to develop meso 
models, with the ultimate goal being macro models that provide accurate 
characterisations based on a relatively small amount of material property data. 
     The composite manufacturing processes that are currently used for medium to high 
volume automotive production - injection moulding, GMT, SMC, and RTM - are all 
supported by numerical codes and it is possible to simulate them. It should be 
remembered that high volume production requires the best possible optimisation in 
order to reduce cycle time, scrap and the number of rejected parts. As with vehicle 
designers, the process analyst is faced by the twin problems of material characterisation 
and solution times. One of the difficulties with material characterisation is the creation 
of new materials or proprietary custom blends. The complete characterisation of a new 
material requires a lot of time and money. In terms of solution time, although 
computing power has increased, so have the quality, precision and size of the process 
models. For example, six years ago the objective was to simulate a gas-assisted 
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injection moulding process using a 2½-D model. Today the analyst may use a 3-D 
representation. 
     Currently, there are few commercial codes that enable an analyst to model a 
reinforcing fabric draped to its final shape. One of the limiting factors arises in the 
workshop environment. Unless the fabric positioning is performed robotically, it is 
probable that an operator will not always deposit the fabric in exactly the same way 
(position, rotation, etc.), thus nullifying the efforts of very precise modelling. 
     It is also desirable to be able to integrate design and process analyses in order to be 
able to verify a product‟s performance in relation to its manufacturing and vice versa. 
This is especially critical for designers seeking extreme lightweighting whilst 
maintaining the necessary structural characteristics. 
     Overall, there is no doubt that the importance of modelling and simulation in the 
automotive sector will continue to increase. In terms of composite materials, the focus 
for continued development will be the improvement of failure theories, damage 
modelling, and fatigue life prediction whilst achieving reasonable solution times. 
 
2.9     Fire safety 
 
No doubt, automotive designers have fewer headaches compared to their colleagues in 
the rail, aerospace and marine sectors when it comes to fire safety. The advantages of 
cars in this respect are the relatively low speed of travel, the ease of stopping, and (most 
of all) the possibility for very fast evacuations. These characteristics have led to a lack 
of stringent automotive regulations for fire safe materials and design compared to other 
transport sectors. However, there are concerns that given the increased use of 
flammable materials, automotive fire regulations should be brought into line with other 
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forms of transport. Evacuations can be fast for a fit individual, but for those injured in 
an accident, the elderly, or a baby or child locked into a safety seat, the time required to 
evacuate a burning car may be too long. The main current regulation is ECE34, which 
regulates tests concerning fuel leakage from tanks. It defines the characteristics of a fuel 
tank when it is considered as either a stand-alone component or as a part of an impacted 
vehicle (specifying maximum allowed leakage after front, side or rear impacts). 
 
2.10     New material concepts 
 
It is impossible to confidently list tomorrow‟s materials for the automotive sector. There 
is no doubt that we are in a transitional phase, with raw material producers seeking to 
introduce new products, or to transfer existing technologies from other industrial 
sectors. 
     Whatever tomorrow‟s materials are, it is important to note that a new approach to 
material evaluation is becoming increasingly popular – life cycle analysis (LCA). Under 
this regime, all stages within a product‟s life cycle are considered, from raw material 
production through to end-of-life (disposal, recycling, energy recovery). 
     Composites based on „natural‟ materials are interesting from an LCA perspective. 
However, is „natural‟ a synonym for „environmentally friendly‟? For example, polymers 
derived from plant oils are potentially biodegradable and it is possible to genetically 
engineer them to improve their properties. However, there are also negative aspects 
associated with their use, including the necessity of deploying potentially toxic 
pesticides, concerns over quality control, the uncertainties of weather, the use of 
polluting treatments, and the amount of farmland utilised at the expense of food crops. 
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     The use of natural materials as fibrous reinforcements in cosmetic or semi-structural 
parts also creates issues relating to the automotive sector‟s globalised manufacturing 
system. For reasons of cost, it is sensible to exploit local produce. However, crops vary 
around the world according to climatic conditions. For example, in the Mediterranean 
countries broom is promoted (it is easy to cultivate and has three harvests per year), 
whilst in Germany sisal is grown. In Brazil, coconut fibre is being used in place of 
foams for seats and headrests. India produces abaca fibres. The difficulty relates to the 
need to produce the same component in different countries or continents using the 
different locally grown crops. Otherwise, the only alternative is the costly export of raw 
materials. 
     One of the issues associated with the recycling of composites is the need to separate 
the different materials used for the reinforcement and the matrix. To overcome this 
problem, several composite systems have been developed that use essentially the same 
material for the reinforcement and the matrix. One example is polypropylene reinforced 
with polypropylene fibres. Another approach has been the use of oriented macro-
molecules of the parent material as the reinforcement (again polypropylene has been 
studied). Such „self-reinforced‟ materials exhibit the directionality of traditional 
composites, but with the advantages of molecular continuity and ease of recycling. 
Indeed, they look very promising and some car manufacturers are studying their 
application. 
     Carbon fibres appear to have a big future in the automotive sector. Recently 
„imported‟ from the aerospace industry, they have already found many applications, 
particularly in high performance cars where they are often the primary structural 
material. However, a big concern relating to the wider application of carbon fibres is 
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their fluctuating price and availability in comparison to other structural reinforcements. 
This adds an element of commercial risk to ongoing vehicle production. 
     Even traditional SMC is moving towards a new era. Small hollow glass spheres have 
been introduced to achieve lower density resins. Resins have also been optimised for 
improved painted surface finishes, or elevated temperature performance for under-
bonnet applications. Nevertheless recycling aspects are currently limiting their 
applications. 
     An emerging class of new composite materials are based on nanotechnologies such 
as carbon nano-tubes and inorganic nano-particles. These can be added to conventional 
resins and composites to provide some unique characteristics including improved 
mechanical properties, tailored permeation of fluids and gases, improved thermal 
properties, reduced flammability, increased thermal conductivity and increased 
electrical conductivity. Interesting application examples are the GMC Safari and the 
Chevrolet Astro 2002 vans that feature a polypropylene material reinforced with clay 
nano-particles. With just 2.5% nano-filler, the components are as stiff as equivalent 
parts with ten times the amount of talc filler. This is due to the relatively large surface 
areas of the nano-particles. 
     Car manufacturers are always interested in new materials and processes, and 
composite material suppliers are keen to exploit the opportunities of this vast market. 
Because of the many differing requirements of the automotive sector (e.g. mass 
production, sports cars, trucks, etc.) there are opportunities for a wide range of 
technologies. Significant breakthroughs for new materials in automotive applications 
can be confidently predicted. 
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3 Recommendations for future research priorities for composites in the 
automotive sector 
 
Niche production cars have already demonstrated the feasibility of using composites 
and automotive designers are now looking to widen their application. All the major car 
manufacturers are conducting research programmes involving composites, thus 
confirming their interest in using these materials. However, as discussed during the 
COMPOSIT project and summarised in this paper, there are a number of technical 
issues that still need to be resolved before any significantly increased uptake of 
composites by the automotive sector can be expected. These issues are summarised 
below in terms of future research priorities: 
 
 Composite material manufacturing processes suitable for high volume production. 
Current composite manufacturing processes typically have relatively long cycle 
times. 
 
 Composite material process automation, especially for the positioning of 
reinforcements. Automated processes are necessary to reduce manufacturing costs 
and cycle times, as well as for quality control. 
 
 Composite materials suitable for high volume production (e.g. fast-curing and low 
temperature curing thermosets, or structural thermoplastics). 
 
 Composite materials that can provide near-autoclave performance using out-of-
autoclave processing with fast cycle times. 
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 Carbon fibre price reduction and stability. 
 
 Stability of carbon fibre supply (compared to the shortages of the mid-1990s). 
 
 Composite materials / processes that are sympathetic to the new European end of 
life vehicle regulations. 
 
 Composite material test methods for the automotive sector. Test methods developed 
for aerospace applications are not always applicable to automotive products. 
 
 Specific design procedures for automotive composites. All automotive 
manufacturers have developed design procedures for metal components but these are 
not generally transferable to composites. 
 
 New composite material failure criteria. Existing failure criteria are not always 
applicable for new material developments. 
 
 New numerical models for composite materials. The abilities of these models need 
to be judged in three respects: (i) the availability of the characteristic material 
properties, (ii) the accuracy of the material model, and (iii) the computational effort 
required. 
 
 The further development of integrated product / process analysis tools to reduce the 
number of experimental tests required during the development of composite parts. 
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These kinds of tools are already employed in the automotive industry for parts 
fabricated from sheet metals, resin injection and SMC. 
 
 New joining technologies for multi-material assemblies with high structural 
integrity. 
 
 
4. Conclusions 
 
Today it is easy to be optimistic about the future use of composite materials in the 
automotive industry. However, it would be a big mistake strategically to assume that the 
substitution of metals with composites will be unavoidable and automatic. There is no 
doubt that the number of composite material applications within the automotive sector 
will increase, but they will never completely replace metals. 
     Composite materials have enormous potential, but the composites industry will need 
to demonstrate their advantages for each application and compete with advocates of 
metals. Ideally, designers should seek to work with both materials without prejudice, 
exploiting their best characteristics for a given application. If this approach is to be 
adopted, special attention will be required when considering the joining of composite 
and metal parts.  
     Another essential requirement is the development of the tools required for product 
design, simulation, manufacturing and regulation. 
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Figure 1     1953 Chevrolet Corvette – the first production car to use structural composite materials. 
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Figure 2     Overview of the COMPOSIT network. Technical workshops were held on each of the ten 
horizontal themes across three transport sectors – automotive, aerospace and rail. 
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Figure 3     A 1984 state of the art car model. 
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Figure 4     Prototype hybrid aluminium – carbon fibre reinforced plastic chassis. 
 
 
